As the drinking water sources of groundwater, the excessive arsenic has been a public health problem. Intake of water with excessive arsenic will cause acute or chronic damage to human body health. As(III) was hardly removed by NF membrane from drinking water with rejection rates less than 31%. The choice of preoxidation technologies to convert As(Ⅲ) into As(V) was significant. It was shown that the preferable air to water volume at 5: 1 aeration and 2 hours, a maxim efficiency oxidation for convertion As(III) into the As(V) reached 89%. It was observed that the preoxidation treatment with NaClO mol ratio of 4 ~ 10 and stirring for 30 minutes, the efficiency of NaClO preoxidation As(III) to As(V) reached 65.38% ~ 78.85%. The arsenic concentration in the produced water was less than or close to national drinking water standard. *
INTRODUCTION
As the drinking water sources of surface water and groundwater, the excessive arsenic has been a public health problem, especially in recent years, such as the arsenic pollution events of Dushan in Guizhou, Duliujiang River in Guizhou, and Yangzonghai [1] . The frequent occurrences draw much attention of the society.
Intake of water with excessive arsenic will cause acute or chronic damage to human body health [2] [3] [4] [5] . Dissolved arsenic salt in natural water generally presents the pentavalent, trivalent, zero-valent, etc. The trivalent arsenic (As(III)) salt in REDOX potential positive natural water main is electrically neutral. As(III) can be more hardly removed than that of pentavalent arsenic (As(V)) from drinking water [6, 7] .
It was found the arsenic content in drinking water from 50 μg/L reduced to 2 μg/L, can reduce cancer rates from 1.34% to 0.01% [1, 8] . The WHO in 1993 revised the control standard of arsenic in drinking water, from 50 μg/L to 10 μg/L [3] . The national standards committee & the health ministry in China issued the drinking water health standard (GB 5749-2006) of arsenic control from 50 μg/L to 10 μg/L, rural to 50 μg/L. At present, the arsenic removal technologies in drinking water mainly include the precipitation, adsorption, ion exchange and membrane technology. Membrane technology is considered to be one of the most effective arsenic removal methods [7] [8] [9] [10] . Reverse osmosis (RO) membrane technology is widely used for the arsenic removal [6] [7] [8] [9] . However, nanofiltration (NF) membrane presents the advantages of low operating pressure and high selective interception rate. Therefore, more attentions are paid to NF technology for arsenic removal especially in groundwater [1, [6] [7] [8] [9] .
This study adopts GE (USA) NF membrane, for As(III) removal from groundwater, with single NF membrane unit system. It aims to obtain the performance effects of As(III) removal without pre-treatment, as well as the rejection rates of As(III) after the pre-treatments with aeration and sodium hypochlorite oxidation convertion to As(V) application by NF membrane system.
MATERIALS AND METHOD

Membrane Material and Test Setup
The negatively charged HL1812T spiral composite NF membrane module (GE-OSMONIC) was used in our test, which is composed with three-tier structures: a three-dimensional surface with the cross-linked aromatic polyamide active layer, a polysulphone sublayer and a support layer (non-woven polyester support structure). 
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Test Methods
The temperature of feed water in the test was (16±0.5) o C; the feed flow through NF membrane was (36±2) L/h with a conversion rate (30±2)%, and the transmembrane pressure (TMP) of NF was (0.65±0.05) MPa. The anions were assayed with Ion Chromatography (DIONEX, ICS-2000), and the arsenic was assayed with Atomic Absorption Spectrophotometer (TAS-990). Rejection rates (R) were defined by eq.(1), which can be conveniently expressed in terms of rejection as shown. Rejection rates were determined after the tester running 1 hour, and the water samples were obtained from steady-state permeate and retentate respectively every 30 minutes (3 parallel samples each monitoring point, n=3, x ±s).
(1)
RESULTS AND DISCUSSION
As(III) Removal Performance by NF Membrane without Pretreatment
From Fig. 2 , the performance of As(III) removal with NF membrane system without oxidation pretreatment was not prominent. 
As(III) in permeate As(III) rejection
As(III) in feed 2 showed that As(III) rejection rate with less than 157.59 μg/L in the raw water by the NF membrane was less than 31%. Accordingly, the arsenic concentration in the produced water was greater than the national drinking water standard of 10 μg/L. Therefore, the NF membrane removal effect is not obvious for As(III). This is due to the fact that trivalent arsenic in natural water body is electrically neutral, unable to charge repulsion between membrane surface layer effectively, and arsenic salt ion radius was only 0.59 ~ 0.59 nm [100], determining the trivalent arsenic ineffective rejection. This proved that the NF membrane wad not feasible to remove the trivalent arsenic from the water.
Aeration Preoxidation for As(III) into the As(V)
In view of the study that NF rejection of the As(V) had the very good rejection performance in the previous investigations [1, [6] [7] [8] , the choice of appropriate preoxidation technologies to convert the raw water As(Ⅲ) into the As(V) was significant. The aeration preoxidation feasibility study was conducted, showed in Fig. 3 . For Fig. 3 the aeration oxidation of As(III) and the influence of the air ratio, and the total arsenic concentrations were consideration. The Fig. 3 showed, with the increase of aeration time, a trend of reduction in the amount of As(III). However, the greater the proportion of As(III) was, the more obvious the effect of the aeration oxidation. As the amount of As(III), the greater the oxidation As(III) required a larger amount of air. To improve the oxygen transfer efficiency and As(V) concentration, the oxidation needed more oxygen from air aeration.
Within the scope of the As(III) concentrations in this study, the preferable air to water volume at 5: 1 aeration and 2 hours, in order to reach maxim oxidation As(III). As the convertion As(III) into the As(V) efficiency reached 89%, therefore the aeration oxidation is feasible. The pre-treatment belongs to the physical methods with clean and easy operation.
Sodium Hypochlorite (NaClO) Preoxidation of As(III) for NF Membrane Treatment
The NF arsenic removal efficiencies before/after NaClO preoxidation and the results were show in Table 1 and Table 2 . The standard sodium hypochlorite oxidation potential is 0.89 V (25 ℃ and 101.3 KPa), and the As(III) in natural water bodies, its REDOX potential is negative. Therefore, it can have very good preoxidation performance with sodium hypochlorite. As(III) form in raw water can be effectively converted into As(V) form (фE = 0.59 V, at 25 ℃ and 0.59 KPa). Accordingly, the total arsenic removal efficiency can be improved prominent with NF system.
According to the actual situation of groundwater, three groups of arsenic were simulated for water samples, as shown in Table1 and Table 2 . Before NaClO preoxidation with a single set of NF, rejection was tested. It was concluded that the rejection rate with NF was less than 80% for the total arsenic, with water production arsenic concentration more than 10 μg/L. According to three groups of arsenic in water samples, addition of NaClO standard solution (0.214 mol/L) 10 mL, 25 mL and 50 mL respectively, to 50 L raw water tank. Namely, the theory mol concentrations were 0.0428 tendency, the 0.107 tendency and 0.214 tendency for L. NaClO : As(III) of the mol ratio was 4 ~ 10. Then preoxidation treatment was conducted with stirring for 30 minutes. Because of oxidation reduction, material consumption and the mixing effect of the pump, in raw water by oxidation, the residual chlorine was scanty.
From the results shown in tables 1-2, it was observed that NaClO preoxidation As(III) to As(Ⅴ), its efficiency reached 65.38% ~ 78.85%. The arsenic concentration in the produced water was less than or close to national drinking water standard.
Therefore, the mol ratio of NaClO : As(III) with 4~10, can achieve good effect of oxidation. Obviously, method of sodium hypochlorite oxidation for trivalent arsenic pre-treatment is feasible.
CONCLUSIONS
The performance of As(III) removal with GE-NF membrane system without oxidation pre-treatment was not prominent. NF membrane wad not feasible to remove the trivalent arsenic from the water. However, the physical pre-treatment with the aeration oxidation could effectively convert As(III) into the As(V) with efficiency 89%. NaClO preoxidation As(III) to As(Ⅴ), its efficiency reached 65.38% ~ 78.85%. The arsenic concentration in the produced water was less than or close to national drinking water standard. The mol ratio of NaClO : As(III) with 4~10 can achieve max-oxidation. Therefore the methods of air aeration oxidation and NaClO oxidation for trivalent arsenic pre-treatment are both feasible.
